ACTIVE MATRIX SUBSTRATE, 
DISPLAY DEVICE AND 
^ METHOD FOR DRIVING THE DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to an active matrix 

substrate for use in a display device, for example, and also 
relates to a display device including an active matrix ac- 
cording to the present invention and a method for driving 
such a display device. 

Description of the Related Art: 

[0002] A conventional active-matrix-addressed liquid crys- 

tal display device has a liquid crystal panel structure in- 
cluding an active matrix substrate and a counter substrate. 
A counter electrode, commonly used for a plurality of pixels, 
is formed on the counter substrate. The pixels, data lines 
for supplying display signals to the pixels, switching ele- 
ments associated with the respective pixels, and gate lines 
for controlling the operations of those switching elements 
are formed on the active matrix substrate. A structure like 
this will be herein referred to as a "first conventional 
structure" for the sake of convenience. In this first con- 
ventional structure, external drivers such as source and gate 
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driver ICs (which will herein sometimes be referred to as 
"drivers" collectively), each having the same number of out- 
put terminals as that of the data or gate lines, are provided 
for the liquid crystal panel to drive the data and gate 
lines . 

[0003] However, an alternative display device structure 

was proposed to reduce the number of external drivers needed 
and the cost of mounting those drivers on the liquid crystal 
panel. In that alternative structure (which will be herein 
referred to as a "second conventional structure" for conven- 
ience sake), the number of integrated circuits (ICs) is cut 
down to a half or a third, each output of each of the ICs is 
branched into two or three, and an appropriate one of those 
outputs is selectively supplied via a data line switching 
element. Hereinafter, this structure will be described in 
further detail. 

[0004] As in the normal liquid crystal panel (i.e., the 

first conventional structure), the far ends of the data lines 
are also electrically connected to their associated source 
driver ICs, which are among the external drivers needed for 
the second conventional structure. In this second structure, 
however, the number of source driver ICs needed is halved, 
for example. In addition, a data line branching section is 
also connected to those source driver ICs so as to branch 
each output of the source driver ICs into two and thereby 
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match the number of branched outputs of the source driver ICs 
to that of the data lines. And data line switching elements 
are provided between the data line branching section and the 
ends of the data lines. Furthermore, a control signal input 
line is connected in common to the gates of its associated 
ones of the data line switching elements that belong to a sin- 
gle block. A control signal, which selectively turns ON or 
OFF the switching elements, is supplied through the control 
signal input line. The outputs (signals) of each source driv- 
er IC, which have been branched by the data line branching 
section, are supplied to their associated data lines on a se- 
quential basis. 

[0005] This second conventional structure is disclosed in 

Japanese Laid-Open Publication No. 8-234237, for example. 
According to this publication, this structure is advantageous 
not only in that the number of external drivers required can 
be reduced but also in that the external drivers can be easi- 
ly mounted along a single side. In the technique described 
in this publication, one of the gate lines is selected on a 
block-by-block basis, while one of two adjacent data lines is 
selected using a switching element. However, even if one of 
the data lines is selected on a block-by-block basis, the 
same effects and advantages are achievable and each of the 
external drivers can have its configuration rather simpli- 
fied. 



[0006] A third conventional structure for an active- 

matrix- addressed liquid crystal display device was proposed 
in United States Patent No. 4,694,287, for example. The dis- 
play device disclosed in this patent includes: a counter sub- 
strate, on which not the common counter electrode but the 
data lines are provided; and another substrate on which pixel 
electrodes, common lines for applying a predetermined poten- 
tial to pixels, switching elements for the respective pixels, 
and gate lines for driving the pixels are formed. According 
to the patent identified above, when the data lines and the 
gate lines are formed on mutually different substrates, a de- 
creased capacitance is associated with each of those data 
lines to reduce the load on the driver and a short-circuit 
failure, usually occurring at an intersection between the da- 
ta and gate lines, is avoidable. 

[0007] However, in the first conventional structure in 

which the pixel electrodes , data lines , switching elements 
and gate lines are all formed on the same substrate, when one 
of the pixels is selected responsive to a scan signal sup- 
plied through one of the gate lines, the scan signal changes 
from logical one state to logical zero state. At this par- 
ticular point in time, the potential level of the liquid 
crystal layer is slightly dropped by a parasitic capacitance 
formed between the gate line and the pixel electrode. To 
avoid image persistence (i.e., undesired image retention), a 
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voltage to be applied to the liquid crystal layer should have 
its DC component removed. Accordingly, in the first struc- 
ture, the potential level of the counter electrode on the 
counter substrate should be regulated with that drop in po- 
tential taken into account. The slight drop in potential is 
also observed in the third conventional structure when a gate 
line changes from a selected state into a non-selected state. 
In that case, the potential to be applied to the common lines 
or the potential levels of the data lines on the counter sub- 
strate should be regulated. 

[0008] Furthermore, the second conventional structure, in 

which the pixel electrodes, data lines, pixel switching ele- 
ments and gate lines are formed on the same substrate and in 
which a video signal (or data signal) is supplied to one of 
the data lines via a data line switching element, also has 
the following problems. Specifically, not only 1) when the 
scan signal changes from logical one into logical zero but 
also 2) when the data line switching element changes from a 
selected state into a non- selected state, a parasitic capaci- 
tance, which has been created between the control signal in- 
put line for the switching element and the data line, drops 
the potential level of the liquid crystal layer. That is to 
say, this drop in potential level is superposed on the volt- 
age to be applied to the liquid crystal layer. In addition, 
the pixel electrodes and the data lines are formed on the 



same substrate through the same fabrication process. Accord- 
ingly, the data line switching elements are of the same type 
as the pixel switching elements. Thus, the data line and 
pixel switching elements are both selected (i.e., turned ON) 
when the scan signal is logical one, and are both non- 
selected (i.e., turned OFF) when the scan signal is logical 
zero. Therefore, the drop in potential in the situation 1) 
and the drop in potential in the situation 2) have the same 
polarity. For that reason, a voltage, which is greatly dif- 
ferent from the direct current component of the signal on the 
data line (i.e., a display signal), should be applied to the 
counter electrode to compensate for the drop in potential 
level . 

[0009] Furthermore, to allow the driver to decrease its 

breakdown voltage or to further reduce the power dissipation 
thereof, a voltage having a waveform of constant amplitude 
(which will be herein referred to as a "correction voltage") 
is usually applied to the counter electrode (or common elec- 
trode) in a situation where the data line driver (i.e., the 
source driver IC) should have a further narrowed drive voltage 
range. As for the third conventional structure, however, the 
correction voltage is applied to the common lines, not to the 
counter electrode. 

[0010] In this case, a voltage to be applied to the data 

lines is relatively determined with respect to the correction 
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voltage and changed with the type of the image to be dis- 
played. For example, suppose variations in voltages to be 
applied to the counter electrode and the data lines with time 
are observed in a situation where a still image (or fixed im- 
age) is displayed. In this case, a voltage of constant am- 
plitude (i.e., the correction voltage) is applied to the 
counter electrode, while a voltage, having a waveform of 
which the phase and amplitude have been so controlled as to be 
of common or opposite to those of the correction voltage de- 
pending on the type of the image to be displayed, is applied 
to the data lines . If the correction voltage has a rela- 
tively great level, then the voltage to be applied to the da- 
ta lines can fall within the amplitude range of the 
correction voltage in any display mode. However, if the po- 
tential level of the liquid crystal layer is dropped signifi- 
cantly by both the pixel and data line switching elements, 
for example, the drive voltage range of the data lines may 
sometimes exceed that of the counter electrode. In that 
case, the voltage should be generated by newly providing 
another power supply for the data lines separately from the 
power supply for the counter electrode, thus increasing the 
power dissipation disadvantageously. 

[0011] When the potential level of the liquid crystal 

layer is dropped by a switching element, it depends on the 
magnitude of a parasitic capacitance unique to the switching 
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element how much the potential level is dropped. However, in 
a normal manufacturing process of liquid crystal panels, the 
magnitude of a parasitic capacitance of switching elements is 
often changeable from one cell to another. This is because 
in a normal manufacturing process, the gate insulating film 
of transistors functioning as the switching elements belong- 
ing to one cell often has a thickness or line width different 
from that of the gate insulating film of transistors belong- 
ing to another cell. The thickness or line width often 
shifts from one lot to another during the manufacturing proc- 
ess or from one substrate to another within the same lot. 
The shift is also caused by a positional displacement of a 
cell being placed on the substrate. 

[0012] When a direct current (DC) component is applied to 

the liquid crystal layer, the reliability might decrease 
(e.g., the image persistence might occur). Accordingly, to 
eliminate the DC component, highly precise adjustment is re- 
quired by using a counter voltage (or correction voltage) 
regulating volume that is provided externally for each dis- 
play device. 

[0013] However, in the second conventional structure in 

which the dedicated switching elements are provided for the 
data lines, the potential drop caused by the pixel switching 
elements is superposed on the potential drop caused by the 
data line switching elements as described above. Accord - 
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ingly, the voltage to be applied to the liquid crystal layer 
is changeable more greatly. As a result, the counter voltage 
level (or the correction voltage level) should be regulable 
in a broader range. For example, two volumes may have to be 
provided: one for regulating the counter voltage level 
roughly and the other for regulating the voltage level 
finely. In that unwanted situation, the number of parts re- 
quired increases and the cost also increases disadvanta- 
geous ly. Furthermore, if the potential drop is so great that 
the correction voltage level should have a range covering 
both positive and negative domains across the ground level, 
then two regulators for positive and negative potentials 
should be prepared, thus further increasing the manufacturing 
cost adversely. 



SUMMARY OF THE INVENTION 
[0014] In order to overcome the problems described above, 

an object of the present invention is to provide a display 
device in which the voltage to be applied to a display medium 
layer does not change so much even when the switching ele- 
ments turn ON or OFF. 

[0015] Another object of the present invention is to 

provide a method for driving such a display device. 
[0016] A display device according to a first aspect of the 

present invention includes: an active matrix substrate; a 



counter electrode; a display medium layer interposed between 
the active matrix substrate and the counter electrode; and a 
plurality of pixels. The active matrix substrate includes: a 
base plate; a plurality of pixel electrodes formed on the 
base plate, each said pixel electrode being associated with 
one of the plurality of pixels; a plurality of pixel switch- 
ing elements, each said pixel switching element being con- 
nected to associated one of the pixel electrodes; a plurality 
of gate lines for controlling operations of the pixel switch- 
ing elements; a plurality of data lines, each said data line 
being connected to associated ones of the pixel electrodes by 
way of associated ones of the pixel switching elements so as 
to supply a data signal therethrough; a plurality of data 
line switching elements, each said data line switching ele- 
ment having terminals, one of said terminals being connected 
to associated one of the data lines; a plurality of signal 
input terminals, each said signal input terminal being con- 
nected to another terminal of associated one of the data line 
switching elements and another terminal of another associated 
one of the data line switching elements; a data line 
branching section, which is provided between the signal input 
terminals and the data line switching elements; and a control 
line, which is connected to the data line switching elements 
to selectively turn ON or OFF the data line switching ele- 
ments. A signal to turn ON the data line switching elements 
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and a signal to turn ON the pixel switching elements have mu- 
tually different polarities. 

[0017] In this display device, the data lines and the pix- 

el electrodes are formed on the same substrate, and a signal 
to turn ON the data line switching elements and a signal to 
turn ON the pixel switching elements have mutually different 
polarities. Accordingly, when a potential level on the data 
lines is raised (or dropped) by the data line switching ele- 
ments, a potential level at the pixel electrodes is dropped 
(or raised) by the pixel switching elements. That is to say, 
the potential rise caused by one of these two types of switch- 
ing elements is canceled by the potential drop caused by the 
other type of switching elements. Thus, the DC level of the 
counter electrode will not be greatly different from that of 
the data lines. As a result, no power is dissipated in vain 
to newly generate an additional voltage. 

[0018] The pixel and data line switching elements may be 

implemented as thin-film transistors, MIM elements or varis- 
tors, for example. 

[0019] In one preferred embodiment of the present inven- 

tion, each said pixel switching element and each said data 
line switching element may be thin- film transistors that have 
substantially the same channel length. In that case, a ratio 
of a channel width of each said pixel switching element to an 
electrostatic capacitance of associated one of the pixels is 
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preferably substantially equal to a ratio of a channel width 
of each said data line switching element to an electrostatic 
capacitance of associated one of the data lines. In such an 
embodiment, the drop (or rise) in potential level at the pixel 
electrodes as caused by the pixel switching elements becomes 
substantially equal to the rise (or drop) in potential level 
on the data lines as caused by the data line switching ele- 
ments. As a result, the data lines and the counter electrode 
have substantially the same DC level, and can be driven by a 
single power supply, thus avoiding the unwanted situation 
where an additional voltage should be generated newly. Also, 
there is no need to try to eliminate a variation in potential 
drop among respective active matrix substrates. Consequently, 
the number of parts required is reduced and the time and trou- 
ble of fine adjustment is saved, thus cutting down the overall 
manufacturing cost. 

[0020] in another preferred embodiment of the present in- 

vention, each said pixel switching element and each said data 
line switching element are thin-film transistors, which have 
channels extending in parallel with each other. In such an 
embodiment, even if a pattern shift or misalignment has oc- 
curred during the manufacturing process, the drop (or rise) 
in potential level at the pixel electrodes as caused by the 
pixel switching elements is still substantially equal to the 
rise (or drop) in potential level on the data lines as caused 
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by the data line switching elements. Accordingly, the DC 
level of a signal on the data lines will not be different 
from that of a signal at the counter electrode. As a result, 
the trouble of fine adjustment is saved and the unwanted in- 
crease in number of parts required is avoidable. 
[0021] In still another preferred embodiment, each said 

pixel switching element may be either an n-channel transistor 
or a p-channel transistor. If the pixel switching element is 
an n-channel transistor, each said data line switching element 
is preferably a p-channel transistor. On the other hand, if 
the pixel switching element is a p-channel transistor, the da- 
ta line switching element is preferably an n-channel transis- 
tor. 

[0022] in this particular embodiment, the pixel switching 

element may be an n-channel transistor and the data line 
switching element may be a p-channel transistor. 
[0023] in yet another embodiment, each said pixel switching 

element may be either an n-channel transistor or a p-channel 
transistor, while each said data line switching element may 
include a p-channel transistor and an n-channel transistor 
that are connected in parallel with each other. In the data 
line switching element, one of the p- and n-channel transis- 
tors that has a polarity different from that of the pixel 
switching element may have a channel length or channel width 
greater than that of the other transistor. 
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[0024] in yet another preferred embodiment, each said pixel 

switching element and each said data line switching element 
may both have a semiconductor layer, which has been deposited 
on the base plate, as a transistor active region. 
[0025] In a preferred embodiment of the present invention, 

the display medium layer is a liquid crystal layer. 
[0026] An active matrix substrate according to the first 

aspect of the present invention includes all of the compo- 
nents of the active matrix substrate described above. In 
this second active matrix substrate, each said pixel switch- 
ing element is an n-channel transistor or a p-channel transis- 
tor, while each said data line switching element includes an 
n-channel transistor and a p-channel transistor that are con- 
nected in parallel with each other. In the data line switch- 
ing element, one of the n- and p-channel transistors that has 
a polarity different from that of the pixel switching element 
has a channel length or channel width greater than that of the 
other transistor. 

[0027] Another active matrix substrate according to the 

first aspect of the present invention includes base plate, 
pixel electrodes, pixel switching elements, gate lines, data 
lines, data line switching elements, signal input terminals, 
data line branching section and control line. The pixel elec- 
trodes are formed on the base plate. Each of the pixel 
switching elements is connected to associated one of the pix- 
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el electrodes. The gate lines are used for controlling opera- 
tions of the pixel switching elements. Each of the data 
lines is connected to associated ones of the pixel electrodes 
by way of associated ones of the pixel switching elements so 
as to supply a data signal (e.g., video signal) therethrough. 
Each of the data line switching elements has a plurality of 
terminals, one of which is connected to associated one of the 
data lines. Each of the signal input terminals is connected 
to another terminal of associated one of the data line 
switching elements and to another terminal of another associ- 
ated one of the data line switching elements. The data line 
branching section is provided between the signal input termi- 
nals and the data line switching elements. The control line 
is connected to the data line switching elements to selec- 
tively turn ON or OFF the data line switching elements. In 
this active matrix substrate, a signal to turn ON the data 
line switching elements and a signal to turn ON the pixel 
switching elements have mutually different polarities. 
[0028] Another display device according to the first as- 

pect of the present invention includes a display region unit. 
The display region unit includes: a substrate on which a plu- 
rality of pixels are arranged in columns and rows; a driver 
for driving the pixels; and switching means, formed on the 
substrate, for changing an electrical connection state between 
the pixels and the driver. The switching means includes: a 
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first switching element located closer to one of the pixels ; 
and a second switching element located closer to the driver. 
A signal to turn ON the first switching element and a signal 
to turn ON the second switching element have mutually differ- 
ent polarities. 

[0029] An inventive method for driving the display device 

according to the first aspect of the present invention is 
characterized by driving the display device in such a manner 
that an interval, in which one of the pixel switching ele- 
ments is turned OFF to hold a potential level of associated 
one of the data lines as written on associated one of the 
pixel electrodes, overlaps at least partially with an inter- 
val, in which one of the data line switching elements that is 
associated with the data line is turned OFF to hold a poten- 
tial level of the data signal on the data line, for the pixel 
electrode and the counter electrode that face each other via 
the display medium layer. 

[0030] The display device is preferably driven so that an 

interval, in which one of the pixel switching elements is 
turned OFF, overlaps at least partially with an interval, in 
which one of the data line switching elements is turned OFF to 
hold a potential level of the data signal as written on asso- 
ciated one of the data lines. In that case, in the overlap- 
ping interval in which these switching elements are both OFF, 
the pixel electrode holds a potential level lower than the ga- 
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te line potential by the feedthrough voltage, while the data 
line holds a potential level lower than the data signal poten- 
tial by the feedthrough voltage. As a result, a desired volt- 
age, from which the potential variation corresponding to the 
feedthrough voltage has been canceled (and which is approxi- 
mately equal to a potential difference between the data signal 
potential and the counter electrode potential), is applied to 
the display medium layer between the pixel electrode and the 
counter electrode. 

[0031] A display device according to a second aspect of 

the present invention includes: a pair of substrates that is 
disposed so as to face each other and be spaced apart from 
each other; a display medium layer interposed between the 
substrates; and a plurality of pixels. A plurality of coun- 
ter signal electrodes, each of which extends in a column di- 
rection and through which a data signal is supplied, are 
formed on one of the substrates. The other substrate in- 
cludes: a plurality of pixel electrodes arranged in matrix, 
each said pixel electrode being associated with one of the 
plurality of pixels; a plurality of pixel switching elements, 
each of which is connected to associated one of the pixel 
electrodes; a plurality of gate lines, which extend in a row 
direction and are used for controlling operations of the pix- 
el switching elements; and a plurality of common lines, each 
of which is connected to associated ones of the pixel elec- 
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trodes by way of associated ones of the pixel switching ele- 
ments. The display device further includes a plurality of 
signal electrode switching elements , each of which is con- 
nected to associated one of the counter signal electrodes and 
controls supply of the data signal to the counter signal 
electrode. In this display device, a signal to turn ON the 
signal electrode switching elements and a signal to turn ON 
the pixel switching elements have the same polarity. 
[0032] In this display device, a potential level on one of 

the common lines (i.e., a common voltage) is applied to one 
of the pixel electrodes by way of an associated one of the 
pixel switching elements that has been selected through one 
of the gate lines. Also, a data signal (e.g., video signal) 
is written on one of the counter signal electrodes that has 
been selected by associated one of the signal electrode 
switching elements. As a result, a voltage, corresponding to 
a potential difference between the pixel electrode on which 
the common voltage has been written and the counter signal 
electrode on which the data signal has been written, is ap- 
plied to the display medium layer interposed between the pix- 
el and counter signal electrodes. Consequently, an image as 
represented by the data signal is displayed. 

[0033] In general, a voltage that has been applied to a 

display medium layer is held by turning the signal electrode 
and pixel switching elements from ON into OFF. When these 
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switching elements are turned from ON into OFF, the potential 
level rises or drops by a predetermined quantity. As a re- 
sult, direct current components unfavorable for display pur- 
poses are generated. 

[0034] However, in the display device of the second as- 

pect, a signal electrode switching element is connected to 
each of the counter signal electrodes to control the selected 
and non- selected (ON and OFF) states thereof. In addition, a 
pixel switching element is connected to each of the pixel 
electrodes to control the selected and non-selected states 
thereof. A signal to turn ON the signal electrode switching 
element and a signal to turn ON the pixel switching element 
have the same polarity. This means that when a scan signal 
is logical one, the signal electrode and pixel switching ele- 
ments are both turned ON and that when the scan signal is 
logical zero, these switching elements are both turned OFF, 
for example. And the variation in potential level when the 
signal electrode switching element is turned from ON into OFF 
has the same polarity as the variation in potential level 
when the pixel switching element is turned from ON into OFF. 
As for a thin- film transistor, this potential variation cor- 
responds to a feedthrough voltage. As used herein, the 
phrase "potential variations having the same polarity" means 
that the potential levels at the counter signal and pixel 
electrodes both drop or both rise. In the display device ac- 
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cording to the second aspect of the present invention, these 
potential drops or rises can be canceled by each other. The 
reason is as follows. The counter signal and pixel electro- 
des are formed on mutually different substrates. Accordingly, 
if the potential drop (or rise) at the counter signal elec- 
trode is almost equal to the potential drop (or rise) at the 
pixel electrode, the variation in voltage applied to the dis- 
play medium layer is minimized. 

[0035] That is to say, if the signal electrode switching 

element is driven so as to minimize the variation in voltage 
applied to the display medium layer when the pixel switching 
element is turned from ON into OFF, then the unfavorable di- 
rect current components are further reduced and a voltage at 
a level even closer to the desired one is applicable to the 
display medium layer. As a result, it is possible to provide 
a display device that conducts a display operation just as 
intended. In addition, there is no need to newly generate a 
voltage for compensating for the potential drop (or rise) when 
the switching element is turned from ON into OFF. Conse- 
quently, the power dissipation of the display device is 
further cut down. 

[0036] Examples of the pixel and signal electrode switch- 

ing elements include thin-film transistors, MIM elements and 
varistors . 

[0037] Furthermore, the signal electrode and pixel switch- 
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ing elements have the same polarity. Accordingly, where the 
signal electrode and pixel switching elements are formed on 
the same substrate, these switching elements may be formed 
through a single manufacturing process. As a result, the 
manufacturing process is simplified. Consequently, the sig- 
nal electrode switching elements may be formed in addition to 
the pixel switching elements without increasing the number of 
process steps needed or the overall manufacturing cost. 
[0038] Moreover, since the signal electrode and pixel 

switching elements may be formed simultaneously, the electri- 
cal characteristics of the signal electrode and pixel switch- 
ing elements are easily equalized with each other. As a 
result, the drop (or rise) in potential level at the pixel 
electrode as caused by the pixel switching element and the 
drop (or rise) in potential level at the counter signal elec- 
trode as caused by the signal electrode switching element are 
substantially equalized with each other more easily. 
[0039] in a preferred embodiment of the present invention, 

the display device further includes a plurality of signal 
electrode transfer sections to ensure electrical connection 
between each of the signal electrode switching elements and 
associated one of the counter signal electrodes. 
[0040] The signal electrode transfer section is a compo- 

nent preferably used to ensure electrical connection between 
the counter signal electrode and the signal electrode switch- 
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ing element that are formed on mutually different substrates. 
By using these signal electrode transfer sections, the in- 
crease in number of manufacturing process steps needed is re- 
duced as compared to a situation where the signal electrode 
switching elements and the counter signal electrodes are 
formed on the same substrate. 

[0041] Also, as for the pixel electrode and the counter 

signal electrode, which face each other via the display medium 
layer, the display device is preferably driven so that an in- 
terval, in which one of the pixel switching elements is turn- 
ed OFF to hold a potential level on associated one of the 
common lines as written on associated one of the pixel elec- 
trodes, overlaps at least partially with an interval, in whi- 
ch one of the signal electrode switching elements is turned 
OFF to hold a potential level of the data signal as written on 
associated one of the counter signal electrodes. In that 
case, in the overlapping interval in which these switching 
elements are both OFF, the pixel electrode holds a potential 
level lower than the common line potential by the feedthrough 
voltage, while the counter signal electrode holds a potential 
level lower than the data signal potential by the feedthrough 
voltage. As a result, a desired voltage, from which the po- 
tential variation corresponding to the feedthrough voltage has 
been canceled (and which is approximately equal to a potential 
difference between the data signal potential and the common 
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line potential), is applied to the display medium layer be- 
tween the pixel electrode and the counter signal electrode. 
[0042] In another preferred embodiment of the display de- 

vice according to the second aspect of the present invention, 
each said pixel switching element and each said signal elec- 
trode switching element may be thin- film transistors that have 
substantially the same channel length. A ratio of a channel 
width of each said pixel switching element to an electrostatic 
capacitance of associated one of the pixels is preferably sub- 
stantially equal to a ratio of a channel width of each said 
signal electrode switching element to an electrostatic capaci- 
tance of associated one of the counter signal electrodes. 
[0043] In this structure, the drop (or rise) in potential 

level at the pixel electrode as caused by the pixel switching 
element is equalized more accurately with the drop (or rise) 
in potential level at the counter signal electrode as caused 
by the signal electrode switching element, and these drops 
(or rises) cancel each other. As a result, the counter sig- 
nal electrodes and the common lines have voltage signals with 
substantially the same DC level, and may be driven by a single 
power supply, thus avoiding the unwanted situation where an 
additional voltage should be generated newly. Also, there is 
no need to try to eliminate a variation in potential drop (or 
rise) among respective cells. Consequently, the number of 
parts and trouble needed for fine adjustment is saved, thus 
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cutting down the overall manufacturing cost. 

[0044] In still another preferred embodiment of the dis- 

play device according to the second aspect of the present in- 
vention, each said pixel switching element and each said 
signal electrode switching element may be thin-film transis- 
tors, which have channels extending substantially in parallel 
with each other. 

[0045] In this structure, even if a pattern shift or mis- 

alignment has occurred during the manufacturing process of 
the display device, the drop (or rise) in potential level at 
the pixel electrode as caused by the pixel switching element 
is substantially equalized with the drop (or rise) in poten- 
tial level at the counter signal electrode as caused by the 
signal electrode switching element, and these drops (or 
rises) cancel each other. As a result, the counter signal 
electrodes and the common lines have voltage signals with sub- 
stantially the same DC level, and may be driven by a single 
power supply, thus avoiding the unwanted situation where an 
additional voltage should be generated newly. Also, there is 
no need to try to eliminate a variation in potential drop (or 
rise) among respective cells. Consequently, the number of 
parts and trouble needed for fine adjustment is saved, thus 
cutting down the overall manufacturing cost. 

[0046] In yet another preferred embodiment, each said pixel 

switching element and each said signal electrode switching 
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element may be both n-channel transistors. 

[0047] Alternatively, each said pixel switching element 

and each said signal electrode switching element may be both 
p-channel transistors. 

[0048] In yet another preferred embodiment, the display me- 

dium layer may be a liquid crystal layer. 

[0049] A driving method according to the second aspect of 

the present invention is adapted to drive a display device 
that includes: a pair of substrates that is disposed so as to 
face each other and be spaced apart from each other; and a 
display medium layer interposed between the substrates. A 
plurality of counter signal electrodes, each of which extends 
in a column direction and through which a data signal is sup- 
plied, are formed on one of the substrates. The other sub- 
strate includes: a plurality of pixel electrodes arranged in 
matrix; a plurality of pixel switching elements, each of whi- 
ch is connected to associated one of the pixel electrodes; a 
plurality of gate lines, which extend in a row direction and 
are used for controlling operations of the pixel switching 
elements; and a plurality of common lines, each of which is 
connected to associated ones of the pixel electrodes by way 
of associated ones of the pixel switching elements. The dis- 
play device further includes a plurality of signal electrode 
switching elements, each of which is connected to associated 
one of the counter signal electrodes and controls supply of 
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the data signal to the counter signal electrode. This method 
is characterized by driving the display device in such a man- 
ner that an interval, in which one of the pixel switching 
elements is turned OFF to hold a potential level on associat- 
ed one of the common lines as written on associated one of 
the pixel electrodes, overlaps at least partially with an in- 
terval, in which one of the signal electrode switching ele- 
ments is turned OFF to hold a potential level of the data 
signal as written on associated one of the counter signal 
electrodes, for the pixel electrode and the counter signal 
electrode that face each other via the display medium layer. 
[0050] According to this method, the drop (or rise) in po- 

tential level at the counter signal electrode as caused by 
the signal electrode switching element and the drop (or rise) 
in potential level at the pixel electrode as caused by the 
pixel switching element cancel each other. As a result, the 
unfavorable direct current components are further reduced and 
a voltage at a level even closer to the desired one is appli- 
cable to the display medium layer. 

[0051] A display device according to a third aspect of the 

present invention includes: a pair of substrates that is dis- 
posed so as to face each other and be spaced apart from each 
other; and a display medium layer interposed between the sub- 
strates . A plurality of counter signal electrodes , each of 
which extends in a column direction and through which a data 
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signal is supplied, are formed on one of the substrates. The 
other substrate includes: a plurality of pixel electrodes ar- 
ranged in matrix; a plurality of pixel switching elements, 
each of which is connected to associated one of the pixel 
electrodes; a plurality of gate lines, which extend in a row 
direction and are used for controlling operations of the pix- 
el switching elements; and a plurality of common lines, each 
of which is connected to associated ones of the pixel elec- 
trodes by way of associated ones of the pixel switching ele- 
ments. The display device further includes a plurality of 
signal electrode switching elements, each of which is con- 
nected to associated one of the counter signal electrodes and 
controls supply of the data signal to the counter signal 
electrode. 

[0052] In this display device, the counter signal electro- 

des and the gate lines are formed on mutually different sub- 
strates. Accordingly, the capacitance of the counter signal 
electrodes decreases and the load on the driver is reduced. 
In addition, short-circuit failures, which would otherwise 
occur at intersections between the counter signal electrodes 
and the gate lines, are eliminated. Furthermore, this dis- 
play device includes the signal electrode switching elements, 
each of which is connected to associated one of the counter 
signal electrodes and controls supply of the data signal to 
the counter signal electrode. Thus, the number of external 
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drivers needed is reduced. As a result, the drivers may be 
mounted along one side. 

[0053] Furthermore, if signal electrode and pixel switch- 

ing elements having the same polarity are used for this dis- 
play device, then the display device according to the second 
aspect of the present invention may be formed. 

[0054] Other features, elements, processes, steps, charac- 

teristics and advantages of the present invention will become 
more apparent from the following detailed description of 
preferred embodiments of the present invention with reference 
to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0055] FIG. 1 illustrates an equivalent circuit of a liq- 

uid crystal display device including an active matrix sub- 
strate according to a first aspect of the present invention. 
[0056] FIG. 2 is a waveform chart illustrating how the 

liquid crystal display device shown in FIG. 1 may be driven. 
[0057] FIG. 3A and 3B illustrate a situation where a pat- 

tern shift has occurred during the manufacturing process of 
the active matrix substrate according to the first aspect of 
the present invention. 

[0058] FIG. 4 illustrates an exemplary monolithic driver. 

[0059] FIG. 5 illustrates an exemplary partially monoli- 

thic driver. 
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[0060] FIGS. 6A and 6B illustrate another exemplary par- 

tially monolithic driver. 

[0061] FIG. 7 illustrates an equivalent circuit of a liq- 

uid crystal display device according to a second aspect of 
the present invention. 

[0062] FIG. 8 is a perspective view illustrating a sche- 

matic construction of the liquid crystal display device shown 
in FIG. 7. 

[0063] FIG. 9 is a waveform chart illustrating how the 

liquid crystal display device shown in FIG. 7 may be driven. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0064] Hereinafter, preferred embodiments of the present 

invention will be described with reference to the accompany- 
ing drawings. In the following detailed description of 
preferred embodiments, first through fourth embodiments will 
relate to an active matrix substrate according to a first as- 
pect of the present invention and a display device including 
the active matrix substrate. On the other hand, a fifth em- 
bodiment to be described later will relate to a display de- 
vice according to a second aspect of the present invention. 

EMBODIMENT 1 

[0065] FIG. 1 illustrates an equivalent circuit of a liq- 

uid crystal display device including an active matrix sub- 
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strate according to a first specific preferred embodiment of 
the present invention. In this preferred embodiment, the da- 
ta lines are grouped into two blocks. FIG. 2 is a waveform 
chart illustrating how the liquid crystal display device 
shown in FIG. 1 may be driven. 

[0066] As shown in FIG. 1, the active matrix substrate of 

this preferred embodiment includes, on a transparent insulat- 
ing substrate of glass, plastic or other suitable material: 
pixel electrodes Al, A2, Bl, B2, CI, C2, Dl, D2, etc.; pixel 
switching elements 6; gate lines (scanning lines) gl, g2, g3, 
etc.; and data lines a, b, c, d, e, f, etc. Each of the pixel 
switching elements 6 is connected to associated one of the 
pixel electrodes Al, A2, Bl, B2, CI, C2, Dl, D2, etc. The ga- 
te lines gl, g2, g3, etc. are used to control the operations 
of the pixel switching elements 6. Each of the data lines a, 
b, c, d, e, f, etc. is connected to associated ones of the 
pixel electrodes Al, A2, Bl, B2, CI, C2, Dl, D2, etc. by way 
of associated ones of the pixel switching elements 6 and al- 
lows a data signal to pass therethrough. 

[0067] On the active matrix substrate of this embodiment, 

data line switching elements SWa, SWb, SWc, SWd, etc., signal 
input terminals SI, S2, S3 S4, etc., data line branching sec- 
tion 7 and control lines SW1 and SW2 are provided. Each of 
the data line switching elements SWa, SWb, SWc, SWd, etc. has 
one of its terminals connected to associated one of the data 
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lines a, b, o, d, e, f, etc. Each of the signal input termi- 
nals SI, S2, S3 S4, etc. is electrically connected to another 
terminal at associated ones of the data line switching ele- 
ments SWa, SWb, SWc, SWd, etc. The signal input terminals 
SI, S2, S3 S4, etc. are the output terminals of a data line 
driver 8. The data line branching section 7 is provided be- 
tween the signal input terminals SI, S2, S3 S4, etc. and the 
data line switching elements SWa, SWb, SWc, SWd, etc. Each 
of the control lines SW1 and SW2 is connected in common to as- 
sociated ones of the data line switching elements SWa, SWb, 
SWo, SWd, etc. to selectively turn ON or OFF the associated 
data line switching elements SWa, SWb, SWc, SWd, etc. 
[0068] This preferred embodiment is characterized in that 

a signal to turn ON the data line switching elements SWa, 
SWb, SWc, SWd, etc. and a signal to turn ON the pixel switch- 
ing elements 6 have mutually different polarities. More spe- 
cifically, each of the pixel switching elements 6 is 
implementable as an n-channel MOS transistor. Accordingly, a 
signal to be applied to the gating portion (i.e., the gate 
electrode) of each of these pixel switching elements 6 to turn 
the pixel switching element 6 ON should have a logically high 
level. On the other hand, each of the data line switching 
elements SWa, SWb, SWc, SWd, etc. of this preferred embodiment 
is implementable as a p-channel MOS transistor. Accordingly, 
a signal to be applied to the gating portion (i.e., the gate 
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electrode) of each of these data line switching elements SWa, 
SWb, SWc # SWd, etc. to turn the data line switching element 
SWa, SWb, SWc, SWd, etc. ON should have a logically low level. 
[0069] In this manner, a signal that should turn ON one of 

the data line switching elements SWa, SWb, SWc, SWd, etc. and 
a signal that should turn ON one of the pixel switching ele- 
ments 6 have mutually different polarities in accordance with 
this preferred embodiment. Accordingly, even when the poten- 
tial level on any of the data lines a, b, c, d, e, f, etc. is 
raised (or dropped) by one of the data line switching ele- 
ments SWa, SWb, SWc, SWd, etc., the potential level at the 
associated pixel electrodes Al, A2, Bl, B2, CI, C2, Dl, D2, 
etc. is dropped (or raised) by the associated pixel switching 
elements 6 as will be detailed later. That is to say, the 
potential rise caused by one of these two types of switching 
elements is canceled by the potential drop caused by the other 
type of switching elements. In this manner, one of the prob- 
lems of the prior art mentioned in the background of the in- 
vention is solved. 

[0070] Hereinafter, a manufacturing process of an active 

matrix substrate according to this preferred embodiment will 
be described . 

[0071] First, the gate lines gl, g2, g3, etc. and gate 

electrodes and storage capacitor lines (not shown) for tran- 
sistors are formed on an insulating substrate (not shown) . In 
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this process step, the control lines SW1 and SW2 for the data 
line switching elements SWa, SWb, SWc, SWd, etc. are also 
formed simultaneously. 

[0072] Next, known manufacturing process steps are per- 

formed to form gate insulating film, semiconductor layer 
(e.g., polysilicon layer) and source/drain contact layer (none 
of which is shown) and thereby form pixel transistors that 
will be used as the pixel switching elements 6. At this time, 
data line transistors that will be used as the data line 
switching elements SWa, SWb, SWc, SWd, etc. are also formed. 
Then, the semiconductor layer is activated by subjecting the 
layer to an annealing process for dehydrogenation or a laser 
annealing process. In this preferred embodiment, the 

source/drain regions of each n-channel pixel transistor 6 are 
doped with phosphorus, while the source/drain regions of each 
p-channel data line transistor SWa, SWb, SWc, SWd, etc. are 
doped with boron. 

[0073] Next, parts of the gate insulating film are etched 

away by a photolithographic process to make electrical contact 
between lines or electrodes and the source/drain regions . A 
metal film is deposited and then patterned into the shape of 
the data lines a, b, o, d, e, f, etc. At this time, pads for 
mounting the data line driver 8 thereon and the data line 
branching section 7 are also formed. The pixel electrodes Al, 
A2, Bl, B2, CI, C2, Dl, D2 , etc. are made of a transparent 
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conductive film of ITO, for example. 

[0074] To make a liquid crystal display device using this 

active matrix substrate, first, while the active matrix sub- 
strate is being fabricated, a counter substrate is prepared. 
The counter substrate may be prepared by forming color fil- 
ters, a black matrix, etc. on an insulating substrate of 
glass, for example. A counter electrode to be formed on the 
counter substrate may be made of a transparent conductive film 
of ITO, for example. 

[0075] Next, the active matrix substrate is coated with a 

sealing agent (not shown) with opening formed in part of the 
resultant sealing member. The counter substrate is coated 
with a conductive material for transferring a signal to the 
counter electrode. Then, after spacers (not shown) have been 
dispersed to make a liquid crystal layer, which will be used 
as a display medium layer, have a constant thickness, these 
substrates are bonded together and the sealing agent is cured 
by heating it. Thereafter, a liquid crystal material is in- 
jected through the openings. Finally, the openings are 
closed with an end- sealing material (not shown), thereby com- 
pleting a display panel for a liquid crystal display device. 
[0076] Next, it will be described with reference to FIG. 2 

how the active matrix substrate of this preferred embodiment 
may be driven. In the following illustrative example, a sig- 
nal (+VS, -VS) with the maximum amplitude is supposed to be 
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supplied through the output terminals SI through S4 of the da- 
ta line driver 8 to conduct a black display on the entire 
screen . 

[0077] While the gate line gl is being selected, signals 

are alternately sent through the control lines SW1 and SW2 to 
turn ON the data line switching elements SWa, SWb, SWc, SWd, 
etc. First, at a time tl, the gate line gl is activated, 
thereby turning ON the pixel transistors (i.e., n-channel 
TFTs) 6 connected to the gate line gl. At the same time tl, 
the control line SW1 is deactivated, thereby turning ON the 
data line switching elements (i.e., p- channel TFTs) SWa and 
SWb. As a result, a data signal (+VS) is supplied from the 
data line driver 8 to the data lines a and b. Since the gate 
line gl is now selected, the potential (+VS) is written on the 
pixel electrodes Al and Bl in the meantime. On the other 
hand, since the other control line SW2 is not selected in this 
interval, no signal is supplied to the data lines c and d. 
Accordingly, the zero potential level on the data lines c and 
d is written on the pixel electrodes CI and Dl. 
[0078] Next, at a time t2, the control line SW1 is activat- 

ed to turn OFF the data line switching elements SWa and SWb. 
Thus, the potential level on the data lines a and b is held. 
However, the instant these data line switching elements SWa 
and SWb change from the selected state into the non- selected 
state, the potential level on these data lines a and b is 
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raised by - A Vgd due to the parasitic capacitance created by 
the data line switching elements SWa and SWb. As a result, 
the data lines a and b come to have a potential level of +VS' 
higher than +VS by - A Vgd. At the same time t2, the control 
line SW2 is deactivated to turn the data line switching ele- 
ments SWc and SWd ON. Thus, the data signal (+VS) is supplied 
from the data line driver 8 to the data lines c and d, and the 
potential level (+VS) is written onto the pixel electrodes CI 
and Dl. 

[0079] Next, at a time t3, the control line SW2 is acti- 

vated to turn the data line switching elements SWc and SWd 
OFF. Then, the potential level on the data lines o and d is 
also raised by - A Vgd to +VS ' just like the potential level 
on the data lines a and b. Since the pixel switching ele- 
ments 6 will be kept ON until a time t4, +VS ' will be written 
on the pixel electrodes Al, Bl, CI and Dl . 

[0080] And when the gate line gl is deactivated at the ti- 

me t4, the pixel switching elements 6 in the ON state axe 
turned OFF. In this case, when these switching elements 6 
change from the ON state into the OFF state, the potential 
level at the pixel electrodes Al, Bl, CI and Dl drops by - A 
Vsw due to the parasitic capacitance of the pixel switching 
elements 6. As a result, the pixel electrodes Al, Bl, CI and 
Dl come to have a potential level of +VS" lower than +VS ' by 
-A Vsw. Accordingly, in an interval between the time t4 at 
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which the pixel switching elements 6 are turned OFF to fix 
the voltage retained in the liquid crystal layer and a next 
write timing t5, a voltage of VS" — VC (where VC is a common 
voltage applied to the counter electrode) is applied to the 
liquid crystal layer. 

[0081] Supposing the potential rise of -Avgd (correspond- 

ing to a potential drop of A Vgd) caused by the data line 
switching elements SWa, SWb, SWc and SWd is given by 
VS-VS' = Avgd 

while the potential drop of Avsw caused by the pixel transis- 
tors 6 is given by 

VS"-VS' = AVsw 
a voltage given by 

VS" VC=VS VC + A Vsw- Avgd 
is applied to the liquid crystal layer during the retention 
interval. It should be noted that the signs of A Vgd and A 
Vsw are both negative (i.e., A Vgd, A Vsw < 0). 
Accordingly, "to raise a potential level by - A Vgd" is 
equivalent to "to drop the potential level by A Vgd", and "to 
drop a potential level by - A Vsw" is equivalent to "to raise 
the potential level by A Vsw". 

[0082] According to a similar calculation, in the next 

frame in which a negative potential is written and which 
starts at the time t5, a voltage given by 
-VS+VC + Avsw- Avgd 
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is applied to the liquid crystal layer. That is to say, a 
voltage that has been offset from the originally intended 
voltage by A Vsw — A Vgd is applied to the liquid crystal 
layer. Accordingly, it is necessary to prevent a DC voltage 
from being applied to the liquid crystal layer by superposing 
the DC value corresponding to this offset on the potential 
level on the data lines or at the counter electrode using, 
for example, a circuit for regulating the counter voltage 
level. Stated otherwise, if the active matrix substrate is 
designed in such a manner that Avsw=Avgd and if a desired 
product is obtained just as designed, there is no need to su- 
perpose the DC voltage to compensate for the offset. In that 
ideal case, the DC value of the counter electrode is equal to 
that of the data lines. That is to say, a voltage range of a 
power supply prepared for the data lines should fall within a 
voltage range of a power supply prepared for the counter elec- 
trode, and vice versa. Accordingly, there is no need to gen- 
erate two different voltages separately, thus reducing the 
power dissipation advantageously. Also, even if A Vsw is not 
equal to A Vgd, the inventive structure minimizes the offset 
as compared to the conventional structure in which the two 
sets of switching elements have the same channel type. This 
is because in the conventional structure, the drop in poten- 
tial level at the pixel electrode as caused by one of the pix- 
el switching elements has the same polarity as the drop in 
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potential level at the pixel electrode as caused by one of the 
data line switching elements. Accordingly, in the conventional 
structure , the sum of these potential drops (i.e., A Vsw + A 
Vgd) is the offset. 

[0083] It should be noted that A Vgd and A Vsw are normal- 

ly given by 

[ A Vgd I =Cgd/CpixXvgpp 

I A Vsw I =Csws/CsXvswpp 
where Cgd is a parasitic capacitance formed between the gate 
electrode of a pixel switching element and its associated 
pixel; 

Cpix is a total capacitance of the pixel; 

Vgpp is a voltage difference of a signal on a gate line 
between the logical one and logical zero states thereof; 

Csws is a parasitic capacitance formed between the gate 
electrode of a data line switching element and its associated 
data line; 

Cs is a total capacitance of the data line; and 
Vswpp is a voltage difference of a signal on the control 
line between the logical one and logical zero states thereof. 
[0084] If the thickness of the gate insulating film on the 

substrate or the gate width or the gate -drain overlap of the 
transistors has changed due to some variation in a manufactur- 
ing process condition, then Cgd or Csws changes greatly. It 
is impossible to completely eliminate these variations from 



39 



the actual manufacturing process. Accordingly, in the prior 
art, the DC level of the counter electrode should be adjusted 
for each display panel. 

[0085] In contrast, in the liquid crystal display device 

of this preferred embodiment, if Avsw=Avgd, no DC voltage 
is applied to the pixels. Thus, there is no need to adjust 
the DC level of the counter electrode unlike the prior art. 
Generally speaking, the voltage level on the gate lines gl 
and g2 is often equal to the voltage level on the control 
lines SW1 and SW2. This is because these voltage levels are 
often a unique value determined for each specific device to 
drive a switching element made of amorphous silicon, for exam- 
ple. Accordingly, Vgpp and Vswpp may normally be regarded as 
equal to each other. Thus, to satisfy Avsw=AVgd, Cgd/Cpix 
should be equal to Csws/Cs. 

[0086] Suppose the p- and n-channel transistors have the 

same carrier mobility (field effect mobility). In that case, 
if the transistors are designed in such a manner as to mini- 
mize Cgd and Csws by adopting the minimum permissible rule of 
the manufacturing process as the channel length of the tran- 
sistors, then the ability to apply a predetermined voltage to 
the data lines or the pixel electrodes, i.e., chargeability, 
is defined as a ratio of the channel width of the transistors 
to the load capacitance. 

[0087] If the channel width/ load capacitance ratios of the 
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data line and pixel switching elements are substantially 
equalized with each other, then the parasitic capaci- 
tance/load capacitance ratios thereof will also be equal to 
each other. That is to say, Cgd/Cpix and Csws/Cs become equal 
to each other. 

[0088] The data line and pixel switching elements have al- 

most the same structure except that the channel widths of 
these two types of switching elements are different from each 
other. Accordingly, the variation in thickness of the gate 
Jjjj ! insulating film or in direction or length of the pattern 

ry 

.g shift is equally observed in both of these two types of 

□ 

•;tt switching elements. Thus, these two types of switching ele- 

M 

ments are equally affected by the variation. That is to say, 
RJ even if any process parameter has changed, the relationship 

[Jj Cgd/Cpix = Csws/Cs is maintained. As a result, Avsw=Avgd is 

'"* still satisfied. 

[0089] On the other hand, even if the p- and n-channel 

transistors have mutually different carrier mobilities, the 
ratio of the channel width of the data line switching element 
to the data line capacitance and the ratio of the channel 
width of the pixel switching element to the pixel capacitance 
should have their respective constant values to achieve al- 
most the same effects as those described above. If the p- 
and n-channel transistors have mutually different carrier mo- 
bilities, the transistor of one of these two channel types 
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should have a chargeability superior to that of the transistor 
of the other channel type. In that case, the transistor with 
the higher chargeability should be allocated to either the 
pixel electrode or the data line that needs to have the higher 
chargeability . 

[0090] Furthermore, the pixel and data line switching ele- 

ments preferably have the same channel length direction. The 
reason is as follows. Specifically, in that case, even if a 
pattern shift or misalignment has occurred in a particular 
direction during the manufacturing process, the drop in po- 
tential level at the pixel electrode as caused by the pixel 
switching element is substantially equal to the drop in po- 
tential level on the data line as caused by the data line 
switching element. As a result, the above -de scribed effects 
are maintained. That is to say, Cgd/Cpix = Csws/Cs is still 
satisfied and the DC levels of the data line and the counter 
electrode are not different from each other. Hereinafter, 
this point will be described in further detail with reference 
to FIGS. 3A and 3B. 

[0091] FIGS. 3A and 3B are plan views illustrating a pixel 

switching element and its surrounding members. In FIGS. 3A and 
3B, a parasitic capacitance Cgd formed between the gate elec- 
trode 311 of a thin- film transistor as the pixel switching 
element and a pixel electrode 314 is determined by the overlap 
area between the pixel electrode 314 and the gate electrode 
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311. As shown in FIGS. 3A and 3B, the gate electrode 311 ex- 
tends from a gate line 312, while the pixel electrode 314 ex- 
tends from a data line 313. It should be noted, however, that 
A Vgd is generated the instant the transistor turns from ON 
into OFF . Thus, portions of its channel also act as part of 
the electrode and the virtual length of the overlap portion 
should be regarded as longer than the actual length Lx of the 
area in which the gate electrode 311 overlaps with the pixel 
electrode 314. That is to say, the length of the overlap por- 
tion virtually extends in the channel length direction. The 
present inventors actually measured the extension via experi- 
ments and discovered that the area contributing to forming the 
parasitic capacitance Cgd is approximately equal to WX (Lx + 
L/2). If the data line pattern 313 has shifted in the channel 
length direction by Alx with respect to the gate line 312 as 
shown in FIG. 3B, then the area contributing to forming the 
parasitic capacitance Cgd increases to about W X (Lx + A Lx + 
L/2), which is (1+ A Lx/(Lx + L/2)) -time greater than the 
original area. That is to say, A Vgd also increases by a 
factor of 1+ ALx/(Lx + L/2) . 

[0092] As described above, L is set equal to the minimum 

permissible rule of the manufacturing process and Lx is a 
constant value that is so defined as not to exceed the length 
of the gate electrode even if the shift reaches the maximum 
possible value for the manufacturing process. Accordingly, L 
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and Lx are constant for both pixel and data line switching 
elements alike. Thus, if the pixel and data line switching 
elements have the same channel length direction, then A Vgd 
and Avsw both increase at the same rate with ALx. As a re- 
sult, Avgd=Avsw is maintained. 

[0093] As described above, according to this preferred em- 

bodiment , the rise or drop in potential level as caused by 
the pixel switching element is canceled by the drop or rise 
in potential level as caused by the data line switching ele- 
ment, thus making it possible to drive the display device 
with reduced power dissipation. By using an active matrix 
substrate like this, a display device that conducts a display 
operation good enough to apply to display panels of various 
types is realized by a smaller number of components. 
[0094] In the preferred embodiment described above, each 

data line switching element is implemented as a single tran- 
sistor (e.g., a thin-film transistor). Alternatively, each 
data line switching element may be a switching circuit in- 
cluding a plurality of transistors. 

[0095] Also, in the preferred embodiment described above, 

an active matrix substrate is fabricated using an insulating 
substrate. However, an active matrix substrate according to 
the first aspect of the present invention is not limited 
thereto, but is applicable to a semiconductor substrate of 
silicon, for example. 
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EMBODIMENT 2 

[0096] In the first specific embodiment described, above, 

the driver is implemented as an external driver IC. However, 
an active matrix substrate according to the first aspect of 
the present invention is also applicable to a situation where 
a gate line driver and/or a data line driver are/is integrat- 
ed monolithically with the other components on the same sub- 
strate. 

[0097] Hereinafter, a second specific preferred embodiment 

of the present invention, in which a driver is formed monoli- 
thically on a substrate, will be described with reference to 
FIG. 4. 

[0098] FIG. 4 is a circuit diagram illustrating a configu- 

ration for a typical analog driver. In the embodiment illus- 
trated in FIG. 4, a plurality of data line switching elements 
SWa, SWb, SWo and SWd, a signal input terminal 16 and a data 
line branching section are formed on the same substrate. Each 
of the data line switching elements SWa, SWb, SWo and SWd has 
one of its terminals connected to associated one of data lines 
and another terminal thereof connected in common to the signal 
input terminal 16 . The data line branching section is provid- 
ed between the signal input terminal 16 and the switching ele- 
ments SWa, SWb, SWc and SWd. 

[0099] Control lines, which are connected to the data line 
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switching elements SWa, SWb, SWo and SWd to selectively turn 
ON or OFF the switching elements SWa, SWb, SWo and SWd, are 
connected to a shift register 15. 

[0100] Also, as in the first specific embodiment of the 

present invention, the channel type of the data line switch- 
ing elements SWa, SWb, SWc and SWd is opposite to that of the 
pixel switching elements so that a signal to turn ON the data 
line switching elements SWa, SWb, SWo and SWd and a signal to 
turn ON the pixel switching elements have mutually different 
polarities . 

[0101] In a driver like this, a signal is sequentially 

supplied from the signal input terminal 16 and then delivered 
to one of the data lines after another to be selected by the 
switching elements SWa, SWb, SWc and SWd. That is to say, 
while the data line switching elements SWa, SWb, SWc and SWd 
are sequentially selected one after another responsive to a 
select signal generated by the shift register 15, a video sig- 
nal is sequentially supplied through the signal input terminal 
16 onto one of the data lines a, b, c and d after another via 
the switching elements SWa, SWb, SWo and SWd. This operation 
will be continued until a predetermined number of pixels on 
one gate line have been driven. In the meantime, the gate 
line is selected. Accordingly, the signal is supplied to tho- 
se pixels by a point sequential addressing technique. 
[0102] The potential levels are also raised or dropped 
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when the switching elements turn ON or OFF. However, as in 
the first embodiment, two groups of transistors of mutually 
opposite channel types are used as two sets of switching ele- 
ments. Thus, the same effects and advantages as those of the 
first embodiment are also achievable by this second specific 
embodiment . 

[0103] It should be noted that the driver does not have to 

have the monolithic structure shown in FIG. 4 but may be im- 
plementable as a driver IC. In the conventional driver IC, 
however, the transistors fabricated by a known silicon process 
have good electrical characteristics. Accordingly, the 
switching elements on the last stage are easily downsized and 
the potential rise or drop caused by the switching elements is 
almost non- negligible. For that reason, if the circuit shown 
in FIG. 4 is formed using a driver IC, there is not so much 
need to adopt this second specific embodiment. On the other 
hand, where a monolithic driver is used, the transistors 
should be fabricated on the substrate by a thin film process. 
Thus, each of those switching elements has small carrier mo- 
bility and is hard to downsize if sufficiently high patterning 
precision is required. In that case, the potential rise or 
drop at the pixel electrodes is non-negligible. Accordingly, 
the second specific embodiment is applicable particularly ef- 
fectively to the situation where a monolithic driver is used. 
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EMBODIMENT 3 

[0104] Hereinafter, a third specific preferred embodiment 

of the present invention, in which part of the driver has a 
monolithic structure, will be described with reference to 
FIG. 5. In the example illustrated in FIG. 4, the data lines 
are driven by the fully monolithic driver. Accordingly, re- 
quired specifications may not be satisfied in respects of op- 
erating speed and signal accuracy. On the other hand, in the 
embodiment illustrated in FIG. 5, data line switching elements 
SWa, SWb, SWo and SWd, which are selected on a block-by-block 
basis, and a shift register 15 for generating and supplying a 
control signal for these data line switching elements SWa, 
SWb, SWc and SWd, are formed on the same substrate. In addi- 
tion, shift register 19 operating at a higher speed, sample 
and hold circuit 18, D/A converter 17 and controller 20 for 
generating a clock signal or a start pulse are implemented as 
an external driver 21. 

[0105] In this manner, the driver of this third specific 

embodiment includes both an external driver IC and a monoli- 
thic driver section. That is to say, this driver is interme- 
diate between the external driver and the monolithic driver. 
[0106] In a structure like this, part of the driver has a 

monolithic structure. Accordingly, a CMOS process is normal- 
ly used to form such a structure. For that reason, even if 
one group of switching elements (i.e. , data line switching 
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elements or pixel switching elements) are formed as n -channel 
transistors and the other group of switching elements are 
formed as p-channel transistors by adopting the basic concept 
of the present invention, the number of manufacturing process 
steps needed does not increase so much. 

EMBODIMENT 4 

[0107] Hereinafter, a fourth specific preferred embodiment 

of an active matrix substrate according to the first aspect 
of the present invention will be described with reference to 
FIGS. 6A and 6B. 

[0108] In the embodiment illustrated in FIG. 4, the pixels 

are driven by a point sequential addressing technique. How- 
ever, a so-called "line sequential addressing method" is also 
used extensively as an alternative to the point sequential ad- 
dressing technique so as to reduce the difference in display 
quality resulting from a time lag between a point in time the 
leftmost pixel is driven and a point in time the rightmost 
pixel is driven on the same screen and to utilize a time for 
writing data onto a pixel electrode more effectively. In the 
line sequential addressing method, while a gate line is se- 
lected, signal charges are supplied simultaneously to all the 
pixel electrodes associated with the gate line. 

[0109] The line sequential addressing is carried out on 

the driver shown in FIG. 6A. In the driver shown in FIG. 6A, 
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data is temporarily stored on data storage capacitors 22 and 
then switching elements (or switches) 23 are turned ON at a 
time, thereby supplying a signal onto a plurality of data 
lines simultaneously. Each of these switching elements 23 
may be a CMOS circuit having a structure such as that shown on 
the right-hand side of FIG. 6B. Specifically, the CMOS cir- 
cuit is formed of a circuit component, in which p- and n- 
channel transistors are connected in parallel to each other, 
as a unit. Control signals with mutually opposite polarities 
are input to these transistors, thereby turning one of these 
transistors ON and the other transistor OFF at the same time. 
Accordingly, the potential rise and drop, caused just after 
these transistors have been switched, are canceled. 
[0110] In this specific embodiment, the potential rise and 

drop caused by the pixel switching elements and data line 
switching elements should have mutually opposite polarities. 
In addition, every time a pixel is written, the potential 
rise and drop should be canceled by each other. Accordingly, 
each of the switching elements 23 shown in FIG. 6A is prefer- 
ably an n- or p-channel transistor or a CMOS circuit exhibit- 
ing an asymmetric characteristic. Suppose each of the pixel 
switching elements is an n-channel transistor and each of the 
data line switching elements 23 is a CMOS circuit having an 
asymmetric characteristic. In that case, in the CMOS cir- 
cuit, the p-channel transistor should have a channel width or 
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channel length sufficiently greater than that of the n-channel 
transistor. 

Embodiment 5 

[0111] Hereinafter, a display device according to a second 

aspect of the present invention will be described as a fifth 
specific preferred embodiment of the present invention. 
[0112] In the display device according to the second as- 

pect of the present invention, so-called "data lines", 
through which a data signal is supplied, are formed on a 
counter substrate, which is prepared separately from a sub- 
strate including gate lines, pixel electrodes, and so on 
thereon. Also, these "data lines" are disposed so as to face 
the pixel electrodes so that the liquid crystal layer is 
driven by a potential difference created between a voltage 
applied to the "data lines" and a voltage applied to the pix- 
el electrodes. For this reason, the "data lines" will be 
herein referred to as "counter signal electrodes" to make 
their function more easily understandable. 

[0113] In the exemplary liquid crystal display device to 

be described below, switching elements of the type dropping 
the potential level of the liquid crystal layer when turned 
ON or OFF are used as pixel switching elements and signal 
electrode switching elements. However, the display device of 
the second aspect is not limited to this particular embodi- 
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ment. The display device of the second aspect is partly 
characterized by using switching elements of the same polari- 
ty as the pixel switching elements and signal electrode 
switching elements. Accordingly, switching elements of the 
type raising the potential level of the liquid crystal layer 
when turned ON or OFF may also be used as the pixel switching 
elements and signal electrode switching elements. For example, 
both the pixel switching elements and signal electrode switch- 
ing elements may be n-channel transistors. Alternatively, 
both the pixel switching elements and signal electrode switch- 
ing elements may be p-channel transistors. 

[0114] As shown in FIG. 8, the liquid crystal display de- 

vice of this preferred embodiment includes a liquid crystal 
display panel section, in which a pair of transparent and in- 
sulating substrates 11 and 21 of glass, for example, each in- 
cluding electrodes on one surface thereof, are disposed so 
that those electrodes on the two substrates 11 and 21 face 
each other and that a predetermined gap exists between these 
substrates 11 and 21. In the following description, that sur- 
face of each substrate 11 or 21 on which the electrodes are 
formed will be referred to as a "circuitry side" for conven- 
ience sake. In the liquid crystal display panel section, an 
appropriate liquid crystal material (not shown) is hermetical- 
ly injected into the gap between the pair of glass substrates 
11 and 21. On the circuitry side of one glass substrate 11, a 
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plurality of counter signal electrodes (or column electrodes) 
12 are formed so as to extend in one direction (i.e., a column 
direction). On the circuitry side of the other glass sub- 
strate 21, a plurality of gate lines (or row electrodes) 23 
and a plurality of common lines 24 are formed so as to extend 
almost vertically to the counter signal electrodes 12 (i.e., 
in a row direction) . A plurality of pixel electrodes 22 are 
also arranged in matrix on the circuitry side of the glass 
substrate 21. That is to say, the liquid crystal display de- 
vice of this preferred embodiment has a so-called "counter 
source type" electrode arrangement in which the gate lines 23 
and pixel electrodes 22 exist on the substrate 21 provided 
separately from the substrate 11 where the counter signal 
electrodes 12 exist. 

[0115] One of the gate lines 23 and associated one of the 

common lines 24 are paired with each other so that each pair 
of gate and common lines 23 and 24 extends in the same direc- 
tion on the glass substrate 21. A predetermined number of 
pixel electrodes 22 arranged along a row are commonly con- 
nected to an associated pair of gate and common lines 23 and 
24 by way of pixel switching elements 25 such as thin T film 
transistors (TFTs). 

[0116] A vertical signal transfer between the glass sub- 

strates 11 and 21, i.e., electrical connection between an as- 
sociated pair of electrodes 12 and 22, is realized by a 
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signal electrode transfer section 31 and a sealing member 
layer (to be described later). In the signal electrode 
transfer section 31, each of the counter signal electrodes 12 
on the glass substrate 11 is electrically connected to one 
output terminal 26 of an associated signal electrode switching 
element 27 on the glass substrate 21. 

[0117] The signal electrode switching element 27, imple- 

mentable as a TFT, for example, is provided for each of the 
counter signal electrodes 12. In the preferred embodiment 
illustrated in FIG. 8, a plurality of signal electrode switch- 
ing elements 27 are arranged side by side in the row direction. 
The group of signal electrode switching elements 27 arranged 
along the row are connected to a control line (or control sig- 
nal line) 28 for controlling the ON/OFF states of the signal 
electrode switching elements 27 and to a data line introducing 
section 9 for supplying a data signal to be written onto the 
counter signal electrodes 12. The control line 28 is formed 
to extend in the same direction as the gate lines 23 (i.e., in 
the row direction) . 

[0118] As shown in FIG. 7, this liquid crystal display 

panel section is connected to external drivers including a 
data line driver 8, a gate line driver 1, a power supply cir- 
cuit 2 for supplying a voltage at a constant level to the 
common lines 24 and a controller 3 for controlling the ON/ OFF 
states of the signal electrode switching elements 27. Under 
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the control of these circuits, the liquid crystal display 
panel section conducts a display operation as a liquid crys- 
tal display device in response to a data signal (e.g., video 
signal). This display operation will be briefly described. 
First, when one of the gate lines 23 is selected, the pixel 
switching elements 25 arranged along the gate line 23 select- 
ed are turned ON. As a result, a potential level on the as- 
sociated common line 24 (i.e., a common voltage) is written 
onto the associated pixel electrodes 22 by way of those pixel 
switching elements 25. Next, when one of the signal electro- 
de switching elements 27 is turned ON, one of the counter 
signal electrodes 12, which faces one of the pixel electrodes 
22 on which the common voltage has been written, is selected. 
Then, a voltage corresponding to a signal that represents 
data to be presented is applied to part of the liquid crystal 
layer between the counter signal electrode 12 and the pixel 
electrode 22. In this manner, a display operation is con- 
ducted by utilizing the electro-optical effects of the liquid 
crystal material. This display operation will be described 
in further detail later with reference to the equivalent cir- 
cuit diagram of the liquid crystal display device as shown in 
FIG. 7 and the waveform diagram of drive voltages for the liq- 
uid crystal display device as shown in FIG. 9. The operation 
timings of the pixel switching elements 25 and signal electro- 
de switching elements 27 are controlled in connection with 
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each other. However, means for controlling these timings is 
not particularly illustrated. 

[0119] Hereinafter, an exemplary manufacturing process for 

the liquid crystal display device of this preferred embodiment 
will be briefly described. 

[0120] First, the gate lines 23 (which also function as 

gate electrodes 25a of the pixel switching elements 25) and 
the common lines 24 are formed on one surface of the glass 
substrate 21 by depositing an electrode material thereon and 
then by patterning the material. In this process step, the 
control line 28 for the signal electrode switching elements 27 
is also formed simultaneously. 

[0121] Next, gate insulating film, semiconductor layer and 

n + -Si layer to be a source/drain contact layer (none of which 
is shown) are formed. Then, the gate insulating film is pat- 
terned and partially removed so as to have openings required 
for making electrical contact therethrough. In this manner, a 
transparent conductive film (made of ITO, for example) to be 
the common line electrodes 25c and pixel electrodes 22 is 
formed. Each of the common line electrodes 25c formed in this 
manner is electrically connected to associated one of the com- 
mon lines 24 and functions as the drain electrode of associat- 
ed one of the pixel switching elements 25. On the other hand, 
one terminal 25b of each pixel electrode 22 functions as the 
source electrode of its associated pixel switching element 25. 
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[0122] The pixel switching elements (or pixel transistors) 

25, each including the gate electrode 25a, drain electrode 
(i.e. , the common line electrode 25c ) and source electrode 
(i.e., one terminal 25b of the pixel electrode 22), are com- 
pleted through these process steps. It should be noted that 
the signal electrode switching elements 27, having substan- 
tially the same configuration as the pixel switching elements 
25, may be formed at the same time. Furthermore, mounting 
pads that will be used to mount the external data line driver 
8 (see FIG. 7) onto the liquid crystal panel and the data line 
introducing section 9 (see FIG. 7) are also formed in this 
process step. In this embodiment, the pixel switching ele- 
ments 25 and the signal electrode switching elements 27 are 
formed on the same substrate 21. Alternatively, the pixel 
switching elements 25 may be formed on the substrate 21 and 
the signal electrode switching elements 27 may be formed on 
the other substrate 11. 

[0123] On the glass substrate (i.e., insulating substrate) 

11 to be a counter substrate, color filters and black matrix 
have been provided in advance to form a predetermined pattern. 
Next, a transparent conductive film of indium tin oxide (ITO), 
for example, is deposited over the glass substrate 11 and then 
patterned into the shape shown in FIG. 8, thereby forming the 
counter signal electrodes 12. 

[0124] Next, these glass substrates 11 and 21, on which 
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the electrodes have been formed in the above -described man- 
ner, are bonded to each other so that their circuitry sides 
face each other. First, the periphery of one of the glass 
substrates 11 or 21 is coated with a sealing agent, obtained 
by mixing conductive particles of gold, silver or copper, for 
example, into an adhesive, thereby forming a sealing member 
layer in the shape of a frame. In this case, openings are 
formed in parts of the sealing member layer. Then, after 
spacers (not shown) have been dispersed over the circuitry 
sides to make the gap between the substrates (i.e., liquid 
crystal layer) have a constant thickness, these substrates 11 
and 21 are bonded to each other and the sealing member is 
cured by heating it. Thereafter, a liquid crystal material 
is injected through the openings. Finally, the openings are 
closed with an end-sealing material (not shown), thereby com- 
pleting a display panel for a liquid crystal display device. 
The sealing member contains the conductive particles as de- 
scribed above. Accordingly, the sealing member not only seals 
the gap between the glass substrates 11 and 21 but also func- 
tions as the signal transfer section for electrically con- 
necting these substrates together. 

[0125] It should be noted that a sealing member of this 

type has already been used extensively for a passive-matrix- 
addressed liquid crystal display device using an STN (super 
twisted nematic) liquid crystal material, for example. This 
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sealing member greatly contributes to connecting upper and 
lower substrates (corresponding to the glass substrates 11 and 
21 in this embodiment) together at a narrow pitch without al- 
lowing a leakage current to flow laterally (see Japanese Laid- 
Open Publication No. 11-326934, for example). 

[0126] Hereinafter, with reference to the equivalent cir- 

cuit diagram of the liquid crystal display device as shown in 
FIG. 7 and the waveform diagram of drive voltages for the liq- 
uid crystal display device as shown in FIG. 9, it will be de- 
scribed in further detail how this display device conducts a 
display operation. 

[0127] The liquid crystal display panel section 41, func- 

tioning as the display section of the liquid crystal display 
device, has the configuration already described by reference 
to FIG. 8. As shown in FIG. 7, a plurality of pixels Ak, Bk, 
Ck, Dk, etc. are formed as liquid crystal display area units 
for respective pixel electrodes 22. Onto this liquid crystal 
display panel section 41, external drivers, including the data 
line driver 8, gate line driver 1, power supply circuit 2 for 
supplying a voltage at a constant level to the common lines 24 
and controller 3 for controlling the ON/OFF states of the sig- 
nal electrode switching elements 27, are mounted. It should 
be noted that the liquid crystal display panel section 41 ac- 
tually includes a huge number of counter signal electrodes, 
gate lines and common lines. In the embodiment illustrated in 
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FIG. 7, however, only six counter signal electrodes 12a 
through 12f, only two gate lines 23 (Gk and Gk+1) and only 
three common lines 24 are illustrated for the sake of simplic- 
ity of description. 

[0128] As shown in FIG. 7, one terminal of each of the 

counter signal electrodes 12a through 12f is connected to one 
terminal of its associated signal electrode switching element 
27 (SWa, SWb, SWo, SWd, SWe, SWf ) . Another terminal of each 
of these signal electrode switching elements 27 is electrical- 
ly connected to the data line driver 8 including a source 
driver IC, for example. More specifically, output lines SI, 
S2 and S3 have been extended from the output stage of the data 
line driver 8. Each of these output lines SI, S2 and S3 is 
branched into two lines, which are respectively connected to 
two of the signal electrode switching elements 27 belonging to 
mutually different blocks (to be described below). 
[0129] A controller 3a is electrically connected to the 

respective control terminals of the signal electrode switching 
elements SWa, SWb and SWc by way of a control line SW1 to se- 
lectively turn ON or OFF these switching elements SWa, SWb and 
SWc. On the other hand, another controller 3b is electrical- 
ly connected to the respective control terminals of the signal 
electrode switching elements SWd, SWe and SWf by way of 
another control line SW2 to selectively turn ON or OFF these 
switching elements SWd, SWe and SWf. 
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[0130] Accordingly, the ON /OFF states of the counter signal 

electrodes 12 are controlled by a time sharing technique on a 
block-by-block basis. More specifically, the counter signal 
electrodes 12a, 12b and 12o belonging to a first block and the 
counter signal electrodes 12d, 12e and 12f belonging to a sec- 
ond block are controlled independent of each other. 
[0131] That is to say, the counter signal electrodes 12 or 

the gate lines 23 may be grouped into respective blocks. If 
the counter signal electrodes 12 are grouped, an interval 
during which one gate line 23 is selected (i.e., one horizon- 
tal scanning interval) is divided into multiple sub-intervals 
so that a data signal is supplied to the respective blocks 
sequentially. On the other hand, as for the gate lines 23, 
one vertical scanning interval is divided into multiple sub- 
intervals so that a scan signal is supplied to the respective 
block sequentially. In this manner, the destination blocks 
of the data or scan signal may be changed with time. In the 
embodiment illustrated in FIG. 7, the counter signal elec- 
trodes 12 are grouped into multiple blocks and an interval 
during which one gate line 23 is selected is divided into mul- 
tiple sub-intervals so that the data signal is supplied to the 
respective blocks sequentially, i.e., the signal destination 
blocks are changed with time. 

[0132] Hereinafter, it will be described with reference to 

FIGS. 7 and 9 how to drive the liquid crystal display device. 
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In this example, a data signal (+VS, -VS) with the maximum am- 
plitude is supplied from the data line driver 8 to the respec- 
tive counter signal electrodes 12 through the output lines SI, 
S2 and S3 to conduct a black display on the entire screen of 
the liquid crystal display panel section 41. It should be 
noted, however, that the present invention is not limited to 
this particular example. 

[0133] First, at a time tl, a scan signal supplied from 

the gate line driver 1 rises to logical one level to select 
the gate line Gk. Then, to turn ON the signal electrode 
switching elements 27 while the gate line Gk is being se- 
lected, control signals are supplied through the control 
lines SW1 and SW2 in this order. The control signal supplied 
through the control line SW2 has the same waveform as the 
control signal supplied through the control line SW1 except 
that when the control signal on the control line SW1 falls to 
logical zero level (e.g., at a time t2) , the control signal 
on the control line SW2 rises to logical one level. 
[0134] At the same time tl, the signal on the control line 

SW1 rises to logical one level, thereby turning ON the signal 
electrode switching elements SWa, SWb and SWc connected to 
the control line SW1 . As a result, the data signal (+VS) is 
supplied from the data line driver 8 to the counter signal 
electrodes 12a, 12b and 12o as indicated by (D in FIG. 9. 
Since the gate line Gk is now selected, a potential level (- 
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VC) on the common line 24 is written on the pixels (more ex- 
actly, pixel electrodes 22) Ak # Bk and Ck as indicated by ® 
in FIG. 9. As a result, a voltage (VS + VC) (i.e., the abso- 
lute value of the difference obtained by subtracting (3) from 
® in the example illustrated in FIG. 9) is applied to respec- 
tive parts LCA1, LCB1 and LCC1 of the liquid crystal layer 
corresponding to these pixels Ak, Bk and Ck. On the other 
hand, since the other control line SW2 is not selected in this 
interval, no data signal is supplied to the counter signal 
electrodes 12d, 12e and 12f . 

[0135] Next, at the time t2, the control line SW1 is deac- 

tivated to turn OFF the signal electrode switching elements 
SWa, SWb and SWc. Thus, the potential level on the counter 
signal electrodes 12a, 12b and 12c should be held. However, 
the instant these signal electrode switching elements SWa, SWb 
and SWc change from the selected state into the non- selected 
state, the potential level on the counter signal electrodes 
12a, 12b and 12c is dropped due to the parasitic capacitance 
created by the signal electrode switching elements SWa, SWb 
and SWc. As a result, the counter signal electrodes 12a, 12b 
and 12c come to have a potential level of +VS ' that is lower 
than +VS. At this time t2, the control line SW2 is activated 
to turn ON the signal electrode switching elements SWd, SWe 
and SWd. Thus, the data signal (+VS) is supplied from the da- 
ta line driver 8 to the counter signal electrodes 12d, 12e and 
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12f as indicated by (D in FIG. 9. As a result, a voltage (VS 
+VC) (i.e., the absolute value of the difference obtained by 
subtracting @ from (2) in the example illustrated in FIG. 9) 
is applied to respective parts LCD1, LCE1 and LCF1 of the liq- 
uid crystal layer corresponding to these pixels Dk, Ek and Fk. 
[0136] Next, at a time t3, the control line SW2 is also de- 

activated to turn OFF the signal electrode switching elements 
SWd, SWe and SWf. As a result, the potential level at the 
counter signal electrodes 12d through 12f is dropped to +VS ' 
as in the counter signal electrodes 12a through 12c. 
[0137] Subsequently, at a time t4, the scan signal that has 

been supplied onto the gate line Gk falls to logical zero 
level, thereby turning OFF all the pixel switching elements 25 
arranged along the gate line Gk. The instant these pixel 
switching elements 25 change from the selected state into the 
non-selected state, the potential level at the associated pix- 
el electrodes 22 is dropped due to the parasitic capacitance 
of the switching elements 25. As a result, the potential 
level at the pixels (more exactly, pixel electrodes 22) Ak, 
Bk, Ck, Dk, Ek and Fk falls to -VC ' , which is lower than -VC. 
Accordingly, in a retention interval between the time t4 when 
the pixel switching elements 25 are turned OFF to fix the 
voltage retained in the liquid crystal layer and the next 
write timing t5, a voltage of VS'+VC is applied to the liq- 
uid crystal layer. 



64 



[0138] In this case, the drop Avs (^0) in potential level 

at the counter signal electrodes 12 as caused by the switching 
of the signal electrode switching elements 27 is given by 
Avs=vs— VS' 

while the drop Ave (^0) in potential level at the pixel 
electrodes 22 as caused by the switching of the pixel switch- 
ing elements 25 is given by 
Avc=vc — VC 

Accordingly, the voltage applied to the liquid crystal layer 
in the retention interval is 

vs' +vc=vs+vc— ( Avs- Ave) 

As for the next frame , i.e., an interval that starts at the 
time t5 to write a negative potential level, the potential 
drops are also similarly calculated by 
AVS=VS-VS' and 

Avc=vc' -vc 

Accordingly, the voltage applied to the liquid crystal layer 
in the retention interval is 

-vs' -vc = -(vs+vc) + ( Avs- Ave) 

[0139] That is to say, a voltage, offset from the original- 

ly intended voltage ±(VS + VC) by ±(AVS~AVC), is actually 
applied to the liquid crystal layer. 

[0140] In this case, if the pixel switching elements 25 and 

the signal electrode switching elements 27 are designed so as 
to satisfy AVC=AVS, then the DC voltage component on the 
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common lines 24 is equal to the DC voltage component on the 
counter signal electrodes 12. That is to say, the offset ± 
( A VS — Ave) of the voltage applied to the liquid crystal 
layer becomes zero. Accordingly, there is no need to 
superpose the DC value, corresponding to the offset, on the 
DC voltage component of the counter signal electrodes 12 or 
common lines 24 using a voltage regulator, for example, so as 
to prevent the DC voltage component from being applied to the 
liquid crystal layer. 

[0141] Also, in this case, a voltage range of a power sup- 

ply prepared for the counter signal electrodes 12 should fall 
within a voltage range of a power supply prepared for the 
common lines 24, and vice versa. Accordingly, there is no 
need to prepare two power supplies separately for the counter 
signal electrodes 12 and common lines 24, thus reducing the 
power dissipation advantageously. 

[0142] Furthermore, even if the offset +(AVS~ Ave) of the 

voltage applied to the liquid crystal layer is not equal to 
zero, the voltage offset is minimized because A VS and A VC 
cancel each other. As a result, a voltage much closer to the 
intended voltage ±(VS + VC) is applied to the liquid crystal 
layer as compared to the conventional structure. 
[0143] In the conventional structure (i.e., the second con- 

ventional structure described in the background of the inven- 
tion) , the pixel electrodes and the data lines are formed on 
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the same substrate and the ON /OFF states thereof are con- 
trolled by the pixel switching elements and the data line 
switching elements, respectively. In that case, the offset of 
the voltage applied to the liquid crystal layer is ±(Avs+A 
VC) . Since AVS and Ave are both positive quantities, the 
offset cannot be canceled but the voltage to be applied to 
the liquid crystal layer is further dropped. As a result, a 
voltage, which is much different from the intended voltage, 
is applied to the liquid crystal layer unintentionally. In 
that case, the applied voltage level should be corrected us- 
ing a circuit for regulating the counter voltage level, for 
example. In contrast, according to this preferred embodi- 
ment, the voltage offset resulting from the variation in po- 
tential level at the counter signal electrodes 12 and the 
voltage offset resulting from the variation in potential 
level at the pixel electrodes 22 cancel each other. Thus, no 
applied voltage level correction is needed. Furthermore, 
even if the applied voltage level should be corrected, the 
correction may be much smaller. Accordingly, a voltage regu- 
lator with a much simpler configuration may be used and the 
power dissipation can be reduced. 

[0144] It should be noted that Ave and AVS are normally 

given by 

Avc=Cgd/CpixXvgpp 

A VS=Csws/Cs X Vswpp 



67 



where Cgd is a parasitic capacitance formed between the gate 
electrode of a pixel switching element and the associated 
pixel ; 

Cpix is a total capacitance (electrostatic capacitance) 
of the pixel; 

Vgpp is a voltage difference of a signal on a gate line 
between the logical one and logical zero states thereof; 

Csws is a parasitic capacitance formed between the gate 
electrode of a signal electrode switching element and the as- 
sociated counter signal electrode; 

Cs is a total capacitance (electrostatic capacitance) of 
the counter signal electrode; and 

Vswpp is a voltage difference of a signal on the control 
line between the logical one and logical zero states thereof. 
[0145] If the thickness of the gate insulating film or the 

gate width or the gate-drain overlap of the transistors 
(i.e., switching elements) has changed due to some variation 
in a manufacturing process condition, then Cgd or Csws changes 
greatly. However, it is impossible to eliminate these varia- 
tions completely from the actual manufacturing process. Ac- 
cordingly, in the prior art, the DC level of the counter 
electrode should be adjusted for each display panel of the 
liquid crystal display device (with the second conventional 
structure) . 

[0146] Even in the liquid crystal display device of this 
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preferred embodiment, if the offset ± ( A VS - A VC) of the 
voltage applied to the liquid crystal layer is not zero, then 
voltage regulation is needed to eliminate this voltage offset 
from each liquid crystal display panel. However, if AVC=A 
VS, then no DC voltage is applied to the pixels and no poten- 
tial level variation should occur no matter whether there is a 
variation in a process condition or not. Thus, no voltage 
regulation is needed in that case. 

[0147] Generally speaking, the voltage level on the gate 

lines 23 is often equal to the voltage level on the control 

i'H 

lines SW1 and SW2. This is because these voltage levels are 
in often a unique value determined for each specific device to 

m 

« drive a switching element made of amorphous silicon, for exam- 

ple. Accordingly, Vgpp and Vswpp may normally be regarded as 

J;^ equal to each other. Thus, to satisfy Avc=Avs, Cgd/Cpix 

should be equal to Csws/Cs. 

[0148] Suppose the pixel switching elements and the signal 

electrode switching elements are designed in such a manner as 
to minimize Cgd and Csws by adopting the minimum permissible 
rule of the manufacturing process as the channel length of 
the transistors. In that case, the ability to apply a prede- 
termined voltage to the counter signal electrodes or the pix- 
el electrodes, i.e., chargeability, is defined as a ratio of 
the channel width of each of those switching elements to the 
load capacitance. This is because these switching elements 
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have the same channel length. 

[0149] The channel width/load capacitance ratios are pref- 

erably substantially equalized with each other for the signal 
electrode switching elements and the pixel switching ele- 
ments. The load capacitance is the electrostatic capacitance 
of the counter signal electrode or the pixel electrode. In 
that case, the parasitic capacitance/ load capacitance ratios 
of the signal electrode switching elements and the pixel 
switching elements will also be equal to each other. That is 
to say, Cgd/Cpix and Csws/Cs become equal to each other. The 
signal electrode switching elements and the pixel switching 
elements have almost the same structure except that the chan- 
nel widths of these switching elements are different from 
each other. Accordingly, the variation in thickness of the 
gate insulating film or in direction or length of the pattern 
shift is almost equally observed in both of these two types 
of switching elements. Thus, these two types of switching 
elements are equally affected by the variation. That is to 
say, even if any manufacturing process parameter has changed, 
the relationship Cgd/Cpix = Csws/Cs is maintained. As a re- 
sult, AVC=AVS is still satisfied. 

[0150] Furthermore, the pixel switching elements and the 

signal electrode switching elements preferably have substan- 
tially the same channel length direction. In this case, the 
"channel" of each switching element refers to an area inter- 
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posed between the source/drain regions of an n + -Si (amorphous 
silicon) layer used as a source/drain contact layer. The 
"channel length" is a size of the channel corresponding to the 
gap between the source/drain regions as is normally defined. 
On the other hand, the "channel width" is a size of the chan- 
nel as measured in the direction vertical to the source/drain 
direction. Also, the "channel length direction" means a di- 
rection in which the channel extends between the source/drain 
regions (i.e., the source/drain direction). A shift in the 
channel length direction causes variations in characteristics 
of the TFTs. However, even if a pattern shift or misalign- 
ment has occurred in a particular direction during the manu- 
facturing process of this display device, the drop in 
potential level at the pixel electrodes as caused by the pix- 
el switching elements is substantially equal to the drop in 
potential level at the counter signal electrodes as caused by 
the signal electrode switching elements. As a result, the 
above -de scribed effects are still achievable. That is to 
say, Cgd/Cpix=Csws/Cs is still satisfied and the DC levels of 
the counter signal electrodes and the common lines are not 
different from each other. 

[0151] As described above, the liquid crystal display de- 

vice of this preferred embodiment includes: a pair of sub- 
strates disposed so as to face each other and be spaced apart 
from each other; a liquid crystal layer injected into the gap 
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between the substrates; a plurality of counter signal electro- 
des arranged in a column direction on one of the two sub- 
strates; a plurality of signal electrode transfer sections for 
"electrically connecting the counter signal electrodes to the 
other substrate; a plurality of pixel electrodes formed on the 
other substrate; a plurality of pixel switching elements con- 
nected to the respective pixel electrodes; a plurality of gate 
lines arranged in a row direction to control the operations of 
the pixel switching elements; a plurality of common lines con- 
nected to the pixel electrodes via the pixel switching ele- 
ments; and a plurality of signal electrode switching elements, 
which are formed on the other substrate and each of which has 
one of its terminals electrically connected to associated one 
of the counter signal electrodes. 

[0152] In this structure, the drop in potential level at 

the pixel electrodes as caused by the switching of the pixel 
switching elements and the drop in potential level at the 
counter signal electrodes as caused by the switching of the 
counter electrode switching elements cancel each other. Ac- 
cordingly, a voltage even closer to the intended one is appli- 
cable to the liquid crystal layer without regulating the 
potential levels at the pixel electrodes or the counter signal 
electrodes . 

[0153] In the display device of this fifth specific em- 

bodiment, the data line driver and/or the gate line driver 



72 



may have a monolithic configuration as in the second or third 
embodiment described above. Also, in the display device of 
the fifth embodiment, the pixels may be driven by a point se- 
quential addressing technique as in the display device of the 
fourth embodiment. 

[0154] In the display device according to the second as- 

pect of the present invention, even if the signal electrode 
switching elements and the pixel switching elements are of 
the same channel type, at least the following effects and ad- 
vantages are achievable. 

[0155] Specifically, the counter signal electrodes are 

formed on the counter substrate provided separately from the 
substrate on which the gate lines are formed. Thus, the ca- 
pacitance formed by the counter signal electrodes decreases 
and the load on the driver is reduced. In addition, short- 
circuit failures are eliminated from the intersections be- 
tween the counter signal electrodes and the gate lines. The 
display device further includes a plurality of signal elec- 
trode switching elements, each of which is connected to asso- 
ciated one of the counter signal electrodes to control the 
supply of a data signal to the counter signal electrode. As 
a result, the number of external drivers required is reduced 
and the drivers may be mounted along one side. 

[0156] As described above, in the display device and its 

driving method of the present invention, the application of 
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an unwanted direct current voltage component to the display 
medium layer is suppressed and a voltage even closer to the 
intended level is applied to the display medium layer. Ac- 
cordingly, there is no need to newly apply a voltage to the 
display medium layer for the purpose of compensating for the 
undesired voltage component. As a result, unwanted power dis- 
sipation is minimized. 

[0157] While the present invention has been described with 

respect to preferred embodiments thereof, it will be apparent 
to those skilled in the art that the disclosed invention may 
be modified in numerous ways and may assume many embodiments 
other than those specifically described above. Accordingly, 
it is intended by the appended claims to cover all modifica- 
tions of the invention that fall within the true spirit and 
scope of the invention. 
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